Purpose Anterior cruciate ligament (ACL) reconstruction has been under intensive discussion and debate, although the anatomy of this ligament was resolved thoroughly almost 200 years ago. The ACL consist of two bundles, anteromedial (AM) and posterolateral (PL). The conventional single-bundle method reconstructs the AM bundle only, while the modern double-bundle technique recreates both bundles for their anatomical sites. Methods An English language literature search was undertaken over the years 2000-2012 for ACL reconstruction, double-bundle versus single bundle technique. The search found 14 RCTs and two meta-analyses published to date. Results Two of the 14 studies (14 %) showed no difference between the two reconstruction methods while the remaining majority (12 trials, 86 %) concluded that the DB technique was better than the SB method. After the DB reconstruction, rotational stability of the knee was better in seven studies (50 %) and anteroposterior stability in six (43 %). No study spoke for the single-bundle technique. In addition, with the double-bundle technique knee scores were reported to be better in five (36 %) studies, and three trials (21 %) revealed less reoperations in the double-bundle group. Conclusions The double-bundle ACL reconstruction technique was reported to have better or at least the same results as the conventional single-bundle method-even at a fiveyear follow-up. However, the majority of these studies had a rather short follow-up, and thus, longer studies are needed to confirm the true long-term results of ACL surgery. Long follow-up periods are also needed to find out whether double-bundle ACL reconstruction can eventually prevent knee osteoarthritis.
Introduction
The double-bundle structure of the human anterior cruciate ligament was described almost 200 years ago by the Weber brothers [1] . Since then there has been a variety of different reconstruction techniques using different grafts and fixation methods [1] . Open surgery was the practice until the late 1990s, when arthroscopic techniques developed quickly and the goal in ACL surgery shifted to anatomical mini-invasive techniques [1] .
Regardless of the surgical intervention method used, the key element in ACL surgery remains knee and ACL anatomy, which have been resolved thoroughly for the tibial and femoral sides [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The ACL has two bundles, anteromedial and posterolateral, the names given from the tibial insertion site. The ACL bundles originating from the anteromedial portion of the tibial attachment are inserted into the high and deep portion of the femoral attachment in flexion, whereas those from the anterolateral portion are inserted into high and shallow portions of the femoral site [18] . Bundles originating from the posteromedial portion of the tibia are inserted into low and deep portions of the femoral footprint, and those from the posterolateral portion of the tibia into low and shallow portions of the femoral footprint. The anatomical placements of the individual bundles remain the same, obviously, regardless of the flexion angle of the knee, but the functional anatomy changes in different knee flexion angles. The AM bundle is reported to become loose when the knee is near extension and to tighten in flexion, while the PL bundle acts vice versa and also during internal and external rotation of the tibia [19] [20] [21] [22] [23] [24] [25] [26] [27] .
The main indication for reconstruction of the torn ACL is a repeated giving way symptom despite proper knee rehabilitation [28, 29] . In addition, some studies conclude that high-demand patients such as athletes should be treated operatively more actively than non-athletes [30, 31] . However, none of the current ACL treatment methods, whether operative or conservative, has been able to prevent subsequent degenerative changes in the knee joint [32] .
In the single-bundle ACL reconstruction, which previously was the gold standard, only the AM bundle is recreated. It does not prevent the post-surgery laxity, especially in the rotational plane, and therefore, a more anatomical method or double-bundle technique was developed [33] . In the doublebundle technique both bundles of the ACL are reconstructed.
This article focuses on the clinical results of the doublebundle method by reviewing studies that have compared the double-bundle and single-bundle techniques using a randomised trial design.
Materials and methods
An English language literature search was performed in the PubMed database with keywords "double-bundle versus single-bundle technique and ACL reconstruction". The search was limited to studies published between January 1, 2000 and May 31, 2012. Articles included in this review were all prospective and randomised, controlled trials (level I) or meta-analyses. The future aspects of ACL surgery are also discussed at the end of this article.
Randomised controlled studies
The search revealed 14 prospective and randomised controlled studies comparing single-bundle versus doublebundle ACL reconstruction. The first study was by Adachi et al. in 2004 [34] . They had 55 patients in the single-bundle group (SB) and 53 in the double-bundle group (DB) with follow-up time of 24 to 36 months. Their operative technique in the DB group consisted of one tunnel in the tibial side and two tunnels in the femoral side, and the femoral tunnels were made by the transtibial technique, so the DB technique was not anatomical. There were significantly more notchplasties made in the SB group than the DB group, but there were not any other statistically significant differences between the groups.
Muneta et al. published their results in 2007 [35] . They had 34 patients in both groups and their follow-up time was 18-40 months (mean 25 months). They also created femoral tunnels in the transtibial manner. Their conclusion was that the DB group had statistically more stable knees in the antero-posterior and rotational planes. Another study concluding that the DB group had better rotational laxity is by Järvelä [36] with 12-20 months (mean 14 months) of follow-up. In this study, the femoral side tunnels were made using the free-hand technique through an anteromedial portal. Järvelä et al. [37] reported longer follow-up (24-35 months) results in 2008. The study design included an SB group with metallic screws (N025), an SB group with bioabsorbable screws (N027) and a DB group with bioabsorbable screws (N025). Their conclusion was that the DB group had the best rotational stability of the knee. Another finding was that the DB group had less graft failures compared to any of the SB groups.
Siebold et al. [38] reported results of 70 patients with 13-24 months (mean 19 months) follow-up. Their main finding was that the DB group had better rotational stability and objective knee score. Anterior laxity was also reported to be better in the DB group, but the difference was not statistically significant.
Zaffagnini et al. [39] published their study of 72 patients with follow-up of three years in 2008. Their operative technique was somewhat different from any of those previously reported, since their SB group had an additional extraarticular sling and the DB group had only one tunnel in the femoral and also in the tibial side with the anteromedial bundle made with an "over the top" passage of the graft. Nevertheless, they concluded that the DB group had significantly better results in terms of subjective, objective, and functional evaluations of the knee. Anterior stability was also significantly better in the DB group.
More recently Zaffagnini et al. [40] reported a longer follow-up study of eight years. In this study, the operation method in the DB group was the same as described above, but the SB group was reconstructed with lateralised bonepatellar tendon-bone technique. Their conclusions were that the DB group had higher Tegner activity level, better recovery in the passive range of motion of the knee, and faster sport resumption. The knees in the DB group were also more stable in the rotational plane and had less reinterventions than those in the SB group. In addition, radiographic evaluation showed lower objective degenerative changes in the DB group at the eight-year follow-up.
Ibrahim et al. [41] had altogether 200 patients in their study, in which there were 50 patients in the DB group, 48 patients in the SB group with Endobutton fixation, 52 patients in the SB group with RigidFix fixation and 50 patients in the SB group with bioabsorbable Transfix II fixation. Follow-up time was 25-38 months (mean 29 months). Their conclusion was that the best stability in antero-posterior and rotational planes was in the DB group.
Streich et al. [42] conducted a study of 50 male patients with follow-up of 23-25 months (mean 24). Their main finding was that contrary to their hypothesis there was no significant difference between the SB and the DB group regarding stability or knee evaluation forms. Sastre et al. [43] had similar results in their study at the two-year followup. Aglietti et al. [44] reported two-year results in 2010. Their RCT consisted of 35 patients in SB and DB groups. The DB reported to have better anterior stability, better VAS and final objective IKDC score.
Suomalainen et al. [45] published their two-year RCT results of 153 patients in 2011. The SB group had 78 and the DB group 75 patients. Their main finding in this study was that the DB group had significantly lower rate of graft ruptures and subsequent ACL re-reconstructions compared to the SB group. Another finding was that there was no statistically significant difference in the stability measurements between these two groups.
Hussein et al. [46] conducted a study in which there were 72 patients in the conventional single-bundle group, 78 patients in the anatomical single-bundle group and 131 patients in the anatomical double-bundle group. The conventional single-bundle procedure's femoral tunnel was made transtibially, but the anatomical reconstructions via the anteromedial portal. The follow-up time in all groups was 39-63 months (mean 51 months). The main finding of this study was that the DB group had the best stability in anteroposterior and rotational planes. In addition, the DB procedure resulted in better scores than the conventional single-bundle procedure in the Lysholm and IKDC evaluations. The range of motion was better in the DB group than in the conventional SB group as well. The anatomical SB group was ranked second in stability measurements but in the other evaluations there was no statistically significant difference.
The longest follow-up (five years) study published to date on single bundle versus anatomical double-bundle anterior cruciate ligament reconstruction is by Suomalainen et al. [47] . There were three groups in this study with 30 patients in each: single-bundle with bioabsorbable screws, singlebundle with metallic screws and double-bundle with bioabsorbable screws. The main findings in this study was that the stability measurements were similar between all the three groups, but the double-bundle group had significantly fewer ACL revisions for graft rupture compared to both singlebundle groups.
Details of the studies discussed are presented in Table 1 . The main conclusion drawn from these level one trials is that although the double bundle ACL reconstruction method is a demanding surgical procedure none of the studies has reported that the DB method is inferior to the SB reconstruction. On the contrary, the double-bundle method seems to give better overall results than the single-bundle method (12 studies out of the 14 published to date), and only two studies conclude that these two ACL reconstruction techniques are equal regarding anteroposterior and rotational knee laxity and knee scores. The most recent meta-analysis was made by Zhu et al. [49] . They concluded, in contrast to Meredick, that the double-bundle ACL reconstruction method was superior to the single-bundle technique. They observed that the doublebundle technique resulted in more stable knees in the anteroposterior and rotational planes and created less complications. In addition, the overall IKDC knee score was significantly better in the double-bundle group.
Future aspects of the double-bundle ACL surgery
The ACL reconstruction surgery has walked a long road to where it is today, from open surgery in the middle of the night to a delicate elective arthroscopic manoeuvre with two bundles reconstructed. It has been a hot topic in every arthroscopic symposium held in the 21st century.
Anterior cruciate ligament reconstruction can improve patients' daily life remarkably, but the results are good only if the grafts are in anatomical places. The double-bundle ACL reconstruction can be more difficult than the single-bundle method since it has two drill holes in the tibial as well femoral side. Navigation was thought to be the solution that would help to conduct more anatomical ACL reconstructions also with the double-bundle method. Endele et al. [50] conducted a study, in which they compared computer navigation with a free-hand technique in a single-bundle ACL reconstruction. There was no statistical difference between these groups at the two-year follow-up and the conclusion was that manual surgery is as good as computer-aided ACL reconstruction, at least in the hands of an experienced orthopaedic surgeon.
Deeper into the "layers" of the ACL surgery goes the socalled ACL remnant preserving technique. Its ultimate purpose is to try to leave the ACL stump intact and to reconstruct the ACL into this remnant. The idea underlying is that the preserved tissue would enhance proprioception, vascularity and biomechanics and thereafter result in clinically better knees. Papalia et al. [51] conducted a review article about this subject. There was no clear evidence to support this remnant preserving conception and they suggested better studies with longer follow-up times. A similar idea is in the selective bundle reconstruction technique, which replaces only the torn part of the ACL and leaves the intact bundle in place. To date, no long-term follow-ups are available.
Summary
This English language literature review shows that the doublebundle ACL reconstruction technique gives better or at least similar results to the conventional single-bundle method even in five-year follow-up. However, longer follow-up studies are needed to see the true long-term results of ACL surgery and to find out whether double-bundle ACL reconstruction can eventually prevent knee osteoarthritis.
